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DESCRIPTION OF MAP UNITS arkose. Locally contains tuffaceous fanglomerate and sands:»tone beds anfi
[Surficial deposits generally are 1 m or more in thickness where mapped. Piedmont slope deposits (Qpa, yery' rare air-fall tuff beds. Whe{e tuffaceous roc.ks predominate, ma“p ":,n ' .
Qpi, Qpdv, Qpc) were delineated by field mappingin areas where bedrock crops out and by photointerpreta- 1S stlppl‘;ed,; Where metafnor“pl,l’lc clasts pre‘si?,mmate, fap symbol L
tion techniques augmented by field checks elsewhere. Map units shown here are part of a uniform scheme shown; “r” denotes rhyolite, “b” basalt, and “c” crystalline (granitic) rocks.
applied to other geologic maps in area (Signal, Castaneda Hills, Castaneda Hills SW; Lucchitta and Small-scale layering typically defined by differences in size of clasts; large-
Suneson, in press a, b, c). Some major units are divided on the basis of regional mapping and all parts may scale layering defined by differences in clast composition. Clasts are
g not be present on any single map] ; supported by sandstone matrix. Fanglomerate beds typically chaotic with
UNITS REFLECTING THROUGH-FLOWING DRAINAGE no internal sedimentary structures. Unit typically weathers to cavernous
Alluvium of Bill Williams River (Holocene)—Material that includes nonlocal appearance. Unit may be. similar in origin and age o Muddy Creek
lithologies and was deposited by Bill Williams River. Consists of rounded to Formation, fanglomerate umt_ s T
subangular, well-sorted to moderately well sorted, unconsolidated silt, :"te of Osborne Wash. of Dickey and others (1980). Locally, probably
sand, and gravel. Clasts typically are 1 to 10 cm in diameter and consist of mcll.xdes llth_ologlcally similar pediment gravels tl?at are related to through—
wide variety of rock types including basalt, rhyolite, mylonitic quartz- ﬂ9mng dra.u_mge and. thus younger tl.lan basm i LoFaﬂy oenteLs
B UEr et ottt focks) Glbteie. iaible dndl v Sdimd e, fhsconformltles and ev_ldence of channeling. Typlcally overlies older ros:ks
mentary and metavolcanic rocks. To west, includes several units at s Zr;g:,‘}xlarlunbzsnfor;nlty. ﬂliocally,él owe\(/-?;, ?r'sconfg?tb.leﬁ:ﬁ ll . 1bl:y
different altitudes above present-day channel. Only youngest is present in SToRasoie g Ve dIRGCCIECRATEAMD )’. SIMWIC YIRS IO ageaty
this quiadangle, namek: mdlstlpgulshable. Generally subhonzontal.; attitude mostly reflects ong}nal
Qbs Sand and gravel of present-day channel (Holocene)—Pale-yellowish- depositional slope but locally reflects faulting, tectonic tilting, and folding.
brown to yellowish-gray flood-plain and channel deposits. Laterally Ma:cxml.xrr;h’fhlckn:ss ;]nkm()iwn, pro}ll) ablyf oe thUCh E:;:' setve ra.l h:jm dreci
equivalent to alluvium of active channels (Qpa) but generally finer grained. ThEleEs Intiioguacionae ahCasImichas i SN TRULITCUIE K 1 IR
Loeilly stabilized by veeetation. Unetabilized st and e i are quadrangles. This unit also is part of the “Units reflecting through-flowing
ind i 3 drainage”
ki d laces. Best f moderately cle . . : .
'rl?h‘?col:n::s Synk‘::l:wnl;uﬁp::;ably i ss?cﬁ:;cgo(:n gty sdlechitsetd Mesa-forming mafic lava flows (Miocene)—Basalt and basaltic andesite lava
Pieduiont ‘slope depasits (Holocene and Pleistocene)—Loeally detived flows in subhorizontal to gently tilted erosional remnants that mostly form
deposits present as veneer on pediments and channel deposits in arroyos equidimens-i onal rpe§as. Each mesa consis_ts of ‘many fiows that are
thatdissectpediments. Compased of poorlysorted anauliir ta subangilar petrographically similar to each other but different from flows of other
ilt, sand, and gravel with varyin f tati issection. e . ) '
Eoniiast': o:n SRR @ sieseesclicamaniaion and ESCER R Basalt of Black Mesa near Centennial Wash (Miocene)—Medium-gray,
Qpa Alluvium of active channels (Holocene)—Sand and pebble- and cobble-size fresh, SI.I g.htly vesicular to TiEe e, blocky to. Bl et
gravel in channels affected by modern floods. Channels unvegetated Porphyrmc ba_s alt and rare cinders (mostly bune:d by lavas). Columnar
except for scattered trees. Within quadrangle, areas underlain by this unii jolnt§ present in/some vertical SEpasion: Contains small Phenocrysts 4
are in greatest danger of flash flooding. Thickness unknown but probably plagioclase (3-14 percent) and dlivine (3-8 percent). Flagioclase pheno-
less than 10 m crysts are typically rounded, embayed, sieve textured, and seriate to
- Alluvium of inactive channels (Holocene)—Poorly sorted sand, pebble- and goun(timass-snzenc%s:;;:s. hg h:;me gher}otcr;t:sts - rguch o “i mr:x ali:
cobble-size gravel, and local boulder-size gravel in those parts of arroyos P;me er, gtenera vi ¢ gsitized, anG - d(:no gr:)urt: . -_sxfe crytsl " §
not reached or seldom reached by modern flood waters. Typically 0.5 to 1m : tenocry:I aggrg.gabes. cor(r;mon. 4 g e);lurfe4§ tm g;ser a (:
above active channels. Extensive vegetation, including grasses, forbes, 5% er.gran aidio GiEvasic. ro_un Mass 1Sicomposecia 050 prrcet]
cacti, bushes, and trees. Thickness unknown but probably less than 10 m piasgocldze #5140 percsi chrgopyroxene, AR o = B perceatolivhhe,
Pediment gravels with desert varnish (Pleistocene)—Unconsolidated to anq 5 to 15 percgnt opaque minerals. Altered glass is locally present.
poorly consolidated silt, sand, and gravel forming veneer several tens of Original construc_tl orial coneris preseit Lo seuth endol e acen
centimeters to few meters thick on weathering regolith developed on older markef:l by asieiss oniaap. 1oAx ageis 13'0:!:0'5 [etSupssapiand
rocks. Forms smooth, flat to gently sloping surfaces characterized by Lucchitta, 1979; pamph_let table 1). Present only in southwestern part of
wallelabelo PN el Eavemenitconsisting ‘ol moderetely il et quadrangle. Base of unit about 150 m above ent grade of nearby washes.
: - : : Maximum thickness about 225 m
angular pebbles typically 1 to 10 cmin size. Most pebbles are heavily coated B . - ; .
with black desert varnish, giving surface of unit grayish-brown to grayish- It Of. hl“blz lSk: (Ml?hc efle)—;\gﬁglum— tclo] dgtx:k-lg;ray,ltfrgil, veslx]cuﬁr i
red color. Buried parts of pebbles and cobbles are lightly coated with mas::ve,f ?c E -v;rea (eln s ) y p(;)rpl S{tlelc(l . Wlt) sr;?a l:xi::e
. caliche. Consists of loose, porous, pebbly sand and silt beneath surficial CIySt IO IRioEoGace LLPEICET) el ot Bel ) 9!
1786t 17" 30" desert pavement. Where exposed in cross section, lower and middle parts phenocrysts as long as 6 mm and typically co.rrO(_ied. Gliyine phenoorysts
of unit are characterized by caliche veins that are in part subparallel and in typically alterfad t_o Midingsiteand 1 to @ mm in diameter, though rarely as
part at high angle to topographic surface. Pediment surface on which unit is la.rgg & L " diameiery henocr ok aggrega?es sipiare. Bayite fovior
Qspessited i dibacoredasrvehias 80im Bxnisderti nrosios. ub eehto sill-like intrusion. Resembles other mesa-forming basalts throughout area
shiset Tléou but ot o/ fiash fiaoding, Thickness less thon 3.6 by its petrography, chemistry, weathering characteristics, and topographic
- Opc Calcrete unit (Pleistocene)—Pale-yellowish-brown to light-olive-gray, poorly relations. !Jnl_lke o_ther mesz-x-formmg basa-lts, itisisterpiitilied, andpoor
to moderately sorted, massive to poorly bedded, strongly caliche-cemented ESDOSUIES mdlcate.lt m| ayl be mterbedfled Hh e e Cannil)
pebble, cobble, and boulder conglomerate and breccia containing angular and (or) upper basin (Tbu). Thicknessabout 10.m
to subangular clasts heavily coated with caliche. Typically, little or no soil or UNITS DEPOSITED IN BASINS NOT RELATED TO
unconsolidated material is present on surface of unit, which is conspicuously PRESENT-DAY TOPOGRAPHY
light toned on aerial photographs. Generally forms small erosional Arkose of Keenan Camp (Miocene)—Pale-reddish-brown, grayish-orange-
remnants with flat to gently sloping mesalike surfaces. Although dissection pink, moderate-orange-pink, grayish-red, and locally light-brown to
is variable, unit typically is found at considerable altitude above present medium-gray, well-indurated to unconsolidated, interbedded boulder and
arroyos. Subject to minor sheet flowand noflooding. Thicknesslessthan5m cobble conglomerate, granule conglomerate, sandstone, and siltstone,
Qct Colluvium and talus (Holocene and Pleistocene)—Locally derived, uncon- mostly arkosic in composition. Well stratified to unstratified and chaotic;
solidated slope-wash, talus, and rockfall material. Forms moderately stable crossbedding, ripple marks, and channels are rare. Where weathered,
to stable slopes forms lag deposit composed of wide variety of pebbles, cobbles, and
4 Landslide deposits (Pleistocene)—Small landslide block containing basalt of boulders. In outcrop, boulders and cobbles typically matrix supported in
Black Mesa near Centennial Wash (Tmbc) and arkose of Keenan Camp coarse sandstone. Clasts include porphyritic granitic rocks; gneiss;
- (Tk). Present only in southwest corner of quadrangle. Thickness unknown diabase; amphibolite; greenschist-facies metamorphic rocks that include
- Qg J Terrace gravels (Pleistocene)—Light-gray to tan, unconsolidated sand and metatuff, metabasalt, metarhyolite and metasedimentary rocks; basalt; and
— gravel as much as 25 m above present flood plain. Consists of a large variety reddish sandstone. Proportion of clast rock types varies widely; individual
of well-rounded pebbles and cobbles. Present only along tributary to beds are locally monolithologic. Clasts are as large as 1 m in diameter but
‘ Centennial Wash in south-central part of quadrangle. Thickness as much typically 1 to 10 cm, subrounded to angular, and locally constitute as much
1180001 § : as 25m as 50 percent of outcrop. Manganese stain common. Arkosic sandstone
FEET [ Megacrystic basalt (Miocene)—Dark- to medium-gray, generally unaltered, locally tuffaceous and (or) includes tuffaceous sandstone beds. In places,
vesicular to dense basalt flows characterized by conspicuous, typically contains rare limestone beds and interfingers with and grades into
rounded megacrysts whose amount is variable both within an individual underlying upper basin beds (Tbu), forming indefinite contact. Upper parts
flow and between different flows. Plagioclase, clinopyroxene, and iddingsi- of unit lithologically resemble basin fill (Tbf) and the two are locally
tized olivine are seriate from phenocrystic to megacrystic in size. Maximum separated by disconformable to gradational contact; in most cases,
observed size of megacrysts: plagioclase, 2 cm; clinopyroxene, 1.1 cm; however, the two units are separated by angular unconformity. Locally
. olivine, 3 cm. Groundmass is fine grained and composed of 40 to 65 percent present in gravity-glide blocks. Thickness 0 to about 1,000 m. This unit is
plagioclase, 20 to 40 percent clinopyroxene, 10 to 20 percent olivine, and also part of the “Units deposited in present-day basins mostly under
trace amounts of altered glass. Groundmass texture typically is inter- conditions of interior drainage”. Locally, divided into:
granular. Locally spheroidally weathered. In this and adjacent quadrangles, Tkm Metamorphic-clast facies—Moderate-reddish-orange to pale-reddish-brown,
unit has yielded K-Ar ages of 7.740.5, (see pamphlet table 1) 7.510.2, well-indurated to unconsolidated, interbedded boulder and cobble con-
6.8140.2 Ma (Suneson and Lucchitta, 1979), and 5.440.6 Ma (Suneson and glomerate, granule conglomerate, sandstone, and siltstone similar in overall
Lucchitta, 1983). Forms suite of petrographically distinct lava flows that appearance and weathering characteristics to arkose of Keenan Camp, but
were emplaced over several million years; these are youngest volcanic clasts are dominantly low-grade metamorphic rocks lithologically similar to
rocks of area. In this quadrangle, unit is locally faulted and folded. Unit the upper-plate metavolcanic and metasedimentary rocks (msv). Clasts
shown solid blue where outcrop is too small to show at map scale. similar to metaquartzite (mgq), metalimestone (mls), and Middle Proterozoic
Maximum thickness about 5 m Signal Granite (Ys) are less common. Clasts angular to subrounded.
UNITS DEPOSITED IN PRESENT-DAY BASINS MOSTLY Coarse-grained beds mostly poorly stratified to unstratified; finer grained
UNDER CONDITIONS OF INTERIOR DRAINAGE beds well stratified. Where weathered, forms lag deposit composed of
Basin-fill deposits (Miocene)—Heterogeneous assemblage of clastic strata pebbles, cobbles, and boulders. Basal contact locally gradational with
filling present-day basins. In adjacent quadrangles, includes several units undivided metavolcanic and metasedimentary rocks unit (msv).Upper
distinguished by predominance of different clast rock types. Falls under contact locally gradational with arkose of Keenan Camp (Tk). Locally
two side headings in “Correlation of Map Units” present in gravity-glide blocks. Thickness 0 to about 150 m
_ Basin fill (Miocene)—Typically grayish-orange, vellowish-gray, and pale- Silicic volcanic rocks (Miocene)—Rhyolitic rocks, mostly locally derived and
o . } i ) i G405 yellowish-brown, moderately to poorly sorted, moderately stratified to marking areas of silicic volcanic activity. Lava flows typically form ridges,
13°52'30" N v- S0 Q 47" 30" 113° 45* unstratified, moderately to poorly consolidated, locally calcite-cemented domes form equidimensional hills, and tuffs form valleys. Divided into:
; ; ) pebble to boulder fanglomerate, sandstone, and rarely siltstone. Clasts Rhyolite lava flows, domes, plugs, dikes, and pyroclastic and epiclastic
Bass from U1.5. Geological Survey SCALE 1:24 000 Geology mapped and compiled by typically angular, 0.5 to 50 cm in diameter, and locally derived. Some clasts rocks, undifferentiated (Miocene)—Very light gray to very pale orange,
Prowisional editon, 1980 1 % o 1 MILE Ivo Lucchitta and N.H. Suneson 1978-91 e : . : e .
Transverse Mercator projection e—_——T—T———— : - . o by B Sl ST G R rounded to subrounded and as much as 1 m in diameter. Clast fresh, platy- to blocky-weathering, aphyric to slightly porphyritic (with as
ARIZONA ¥ PR st compositions include granite, metamorphic rocks, rhyolite, basalt, and much as 3 percent phenocrysts) rhyolite lava flows, domes, and plugs.
1 5 0 1 KILOMETER Manuscript approved for publication December 13, 1991
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Domes and plugs are shown on map by check pattern. Light gray,
yellowish, and tan where devitrified. Commonly flow banded. Domes and
plugs typically have black to medium-gray glassy selvages; flows have
brecciated bases. Miarolitic cavities present but scarce. Locally contains
abundant granite and basalt xenoliths. Phenocrysts include small amounts
of sanidine, quartz, plagioclase, and biotite, all generally 1 to 2 mm long.
Groundmass microcrystalline to spherulitic and axiolitic. Lithologically
similar rhyolitic rocks northwest, north and northeast of map areaare 12 to
15 Ma (Suneson and Lucchitta, 1979). Thickness of flows as much as 50 m.

" Locally, divided into:
Intrusive facies—Small, irregular, rhyolite intrusive masses lithologically

similar to unit Tsr

Pyroclastic and epiclastic facies—Very pale orange, pale-greenish-yellow,

and yellowish-gray, well-stratified to unstratified and unsorted tuffaceous
sandstone, tuffaceous conglomerate, and less common vitric-lithic tuff.
Pumice lapilli and angular to rounded clasts as large as several tens of
centimeters in diameter of rhyolite, granite, and basalt are common,
whereas metamorphic rocks and red sandstone are rare. Reworked tuffis
locally complexly interbedded with arkose of Keenan Camp (Tk). Pyroclastic
rocks include bedded air-fall tuff that locally contains abundant pumice-
lapilli-rich layers, some of which are normally graded; and tuff of probable
ash-flow origin with slightly flattened pumice lapilli and rhyolite clasts aslong
as 0.5 m. In places, tuff has pinkish cast caused by weathering or by
oxidation related to postdepositional cooling. Thickness 0 to 250 m in this
quadrangle; thickens to north

Quartz-bearing basalt (Miocene)—Medium- to dark-gray, very weathered to

fresh, vesicular to massive, blocky-weathering to spheroidally weathering,
slightly porphyritic basalt flows. Contains plagioclase, clinopyroxene,
olivine, and quartz phenocrysts. Plagioclase phenocrysts constitute as
much as 5 percent of rock, are predominantly sieve textured, and are
seriate from 5 mm longto groundmass size. Olivine phenocrysts (traceto 1
percent of rock) are seriate from 0.5 mm diameter to microphenocrysts to
groundmass-size crystals and are partly to completely altered to iddingsite.
Clinopyroxene phenocrysts (trace amounts) are seriate from 0.7 mm to
groundmass-size crystals. Quartz phenocrysts as much as 2 mm in
diameter constitute 1 to 3 percent of rock and are rounded, embayed, and
rimmed by clinopyroxene. Groundmass texture generally is intersertal.
Tops of flows locally vesicular and weathered, base of flows locally
brecciated. Present only as small exposures in northern part of quadrangle
and locally form topographic lows. Petrographically similar to other quartz-
bearing basalt flows to northwest and north that are 12.440.1 Ma (K-Ar,
Suneson and Lucchitta, 1979). Thickness 0 to 20 m

Early basalt (Miocene)—Dusky-yellow, light-olive-gray to olive-gray, altered,

mostly equigranular, fine-grained basalt lava flows containing as much as 5
percent plagioclase and olivine phenocrysts. Plagioclase phenocrysts as
long as 5 mm, (typically 1 mm); and range from fresh to highly altered
(epidote and clay), and from euhedral to highly corroded. Rare olivine
phenocrysts are altered to iron oxide. Plagioclase and olivine phenocrysts
grade in size to microphenocrysts and groundmass crystals., Groundmass
consists of plagioclase laths altered to epidote and calcite, pyroxene
crystals altered to opaque minerals, and possibly olivine, opaque minerals,
and interstitial glass altered to brown clays. Rock is generally highly
vesicular to scoriaceous and amygdaloidal and locally fractured to shattered.
Amygdules typically filled with calcite and (or) celadonite. Veinlets of
calcite, chlorite, jasper, and clay minerals common. Hematite stain is
common; copper mineralization is present locally. Age is about 16.5 to 19
Ma, on the basis of K-Ar ages of lithologically equivalent basalts in the
Castaneda Hills 7} quadrangle to northwest (Suneson and Lucchitta,
1983; Lucchitta and Suneson, 1990). Total thickness difficult to determine
because of high degree of faulting within unit; probably 0 to about 175 m;
thickest in northern part of quadrangle, thickens to west and northwest.
Locally divided into:

Intrusive facies—Dikes, and small, irregularly shaped intrusive bodies litholog-

ically similar to early basalt (Teb)

- Upper basin beds (Miocene)—Yellowish-gray to brownish-gray, well-stratified

Tbl

to platy limestone with thin chert layers; dark-yellowish-orange to pale-
reddish-brown silty limestone to limy sandstone; grayish-orange-pink to
pale-reddish-brown, poorly stratified cobble and pebble conglomerate;
poorly stratified to well-stratified and locally cross-bedded, coarse- to
medium-grained sandstone; light-blue tuffaceous and locally pumiceous
sandstone; and greenish-gray to dusky-yellow, well-stratified to fissile
siltstone and claystone. Limestone and limy siltstone and sandstone beds
generally indurated and well exposed; other clastic beds typically poorly
consolidated and poorly exposed. Limestone beds locally interbedded with
gypsum and contorted; disharmonic folds common. Manganese stain
locally common in limestone. Clastsin coarser grained clastic beds include
metavolcanic and metasedimentary rocks (msv), metaquartzite (mg),
Middle Proterozoic Signal Granite (Ys), gneissic granite, and amphibolite.
Pebble-filled channels rare in conglomerate beds. Locally interbedded with
breccia (Tbx). Uppermost part resembles and interfingers with arkose of
Keenan Camp (Tk). Thickness difficult to determine because of degree of
internal deformation; probably 0 to about 250 m thick

Breccia (Miocene)—Medium- to light-gray, light-brownish-gray, pale-brown, and

pale-red, unstratified, moderately to poorly indurated, unsorted breccia,
chaotic in structure and composed of angular fragments a few centimeters
to several meters in diameter. Rare subrounded clasts. Clasts mostly
consist of weakly foliated metavolcanic and metasedimentary rocks
lithologically similar to unit msv. Metasedimentary rocks consist mostly of
light-gray, silicified quartzite, poorly sorted coarse-grained metagraywacke
sandstone, granule metaconglomerate, rare stretched-pebble metacon-
glomerate, and limestone. Metavolcanic rocks mostly foliated porphyritic
dacite(?) containing rounded phenocrysts of feldspar and quartz and
euhedral biotite and well-foliated quartz-eye metatuff(?). Clast to matrix
ratio variable, but generally high. Banding probably related to internal shear
planes is conspicuous locally, as are carbonate veins that fill shear planes.
Carbonate also locally forms matrix cement. Typically does not crop out
but forms greenish lag of angular clasts, some a few meters across.
Interfingers with, grades into, and contains a few beds lithologically similar
to underlying alluvial facies (Tbxa); interfingers with overlying upper basin
beds (Tbu). In places, difficult to distinguish from and possibly gradational
into brecciated metavolcanic and metasedimentary rocks (msv). Unit is
regional marker bed in quadrangles to north and northwest. Thickness
difficult to determine owing to lack of internal stratification; probably ranges
from 0 to 550 m thick. Locally, divided into:

Plutonic-clast facies—Light-gray to medium-light-gray, unstratified, typically

chaotic, generally poorly indurated, unsorted breccia composed pre-
dominantly of angular clasts of foliated, porphyroblastic coarse-grained
granite similar to that in gravity-glide blocks of metaplutonic rocks (mp).
Clasts also resemble the foliated Middle Proterozoic Signal Granite (Ys)
lithologically. Clasts range from a few centimeters to 2 m in diameter and
contain 0.5 to 2 cm equidimensional feldspar crystals in matrix charac-
terized by coarsely comminuted quartz and feldspar grains and wavy,
biotite-rich bands. Unit locally contains blocks of foliated, slightly
metamorphosed mafic igneous rocks. Unit typically does not crop out but
forms lag deposit of angular blocks; where well exposed, clasts are
concentrated in bands that resemble bedding. Basal contact typically
highly irregular because of deposition on soft sediments. Thickness ranges
from 0 to about 50 m

Alluvial facies—Pale- to moderate-red, light-brownish-gray to light-bluish-gray,

moderately to poorly indurated, poorly stratified coarse sandstone and
pebble to boulder conglomerate and well-stratified, medium-grained sand-
stone and siltstone. Clasts in conglomerate subangular to well-rounded,
dominantly metavolcanic and metasedimentary rock types lithologically
similar to unit msv, rarely medium- or coarse-grained granite similar to
Middle Proterozoic Signal Granite (Ys), metaquartzite (mq), and vein
quartz. Locally interbedded with and gradational into chaotic breccia beds
lithologically similar to unit Tbx showing no internal stratification. Sandstone
locally contains pebbles and cobbles similar in lithology to those in
conglomerate and supported in sand matrix. Locally interbedded with
upper basin beds (Tbu). Thickness 0 to 300 m, thins to north and northwest

Lower basin beds (Miocene and Oligocene)—Well-indurated to poorly

consolidated, pale-red, gravish-red to light-bluish-gray, generally well-
stratified, arkosic sandstone, pebbly sandstone, and granule conglomerate;
yellowish-gray to grayish-orange-pink limy sandstone; grayish-red-purple
siltstone and fissile shale; medium-gray to grayish-red, platy, cherty
limestone; and thin, light-greenish-gray tuff and tuffaceous sandstone beds.
Sandstone beds locally cross bedded. Clasts in conglomerate include
angular to subangular coarse-grained granite, granitic gneiss, and altered
intermediate volcanic rocks. Locally highly contorted, fractured, and
brecciated. Forms hogbacks where limestone and limy sandstone constitute
most of unit. Contact with basal arkose (Tba) gradational to sharp. Air-fall
tuff in lower part of unit that crops out about 15 km to east of this
quadrangle has 40-Ar/39-Ar ages of 26.3 Ma (sanidine) and 26.6 Ma (biotite)
(Institute of Human Origins, University of Calif., Berkeley, written commun.,
1990). In same area, upper limy facies of unit contains Miocene paly-
nomorphs (R.F. Hevley, written commun., 1979). Thickness 0 to 350 m,
thins to northwest

Basal arkose (Oligocene)—Pale-reddish-brown to light-red to moderate-orange-

pink, locally light-bluish-gray, moderately to poorly sorted, poorly stratified
to unstratified, medium- to coarse-grained, moderately to poorly indurated
arkosic sandstone to pebble to boulder conglomerate. Sand fraction
subangular to subrounded. Clasts angular to rounded, typically less than 10
cm in diameter, but as much as 1 m in diameter locally. Clasts are from
Proterozoic units and are mostly coarse-grained, porphyritic granite
lithologically similar to Signal Granite (Ys). Other rock types include fine-
grained granite, quartzite, amphibolite, diabase, granitic gneiss, banded
gneiss, and metadacite. Proportion of non-granitic clasts varies greatly.
Beds 1 to 50 cm thick, typically defined by color and grain-size variation.
Unit tends to underlie low areas and form poor exposures. Locally highly
contorted, sheared, fractured, altered, silicified, and cemented by carbonate.
Carbonate veins and copper mineralization common. Basal part of unit

locally grades into grus that formed on weathered Middle Proterozoic

Signal Granite (Ys); uppermost part interfingers with lower basin beds
(Tbl). Thickness 0 to 350 m

TERTIARY ROCKS OF INDETERMINATE STRATIGRAPHIC POSITION

800 - Basalt (Miocene?)—Dark-gray, massive to vesicular, fine-grained, equigranular

basalt. Generally highly altered, fractured, and brecciated. Locally
contains abundant granule-size xenoliths of coarse-grained granite. Pre-
sent only in one small area in east-central part of quadrangle. Thickness
impossible to determine owing to internal deformation and shearing, and
faulted contacts; but probably less than 30 m

Basalt intrusions (Miocene?)—Grayish-purple, massive, highly fractured to

brecciated, altered, fine-grained basalt. Trace amounts of rounded
plagioclase phenocrysts 2 to 3 mm long and about 1 percent rounded, shiny
black clinopyroxene phenocrysts 1 to 5 mm in diameter. Unit locally
consists of abundant, thin (less than 2 m) dikes too small to map
individually. Intrudes Miocene breccia (Tbx) and older units; relation to
units younger than breccia (Tbx) unknown. Unit shown solid red where
outcrop is too small to show at map scale

Carbonate rocks (Miocene?)—Dark- to medium-gray, recrystallized, com-

minuted, sheared carbonate veins and dikes along faults. Mineralized
locally.

GRAVITY-GLIDE BLOCKS OF MIOCENE AGE CONTAINING

METAMORPHIC AND PLUTONIC ROCKS

Gravity-glide blocks ranging from a few meters to about 200 m thick are concentrated near northern flank of
Buckskin-Rawhide metamorphic core complex and are interbedded locally with arkose cf Keenan Camp
(Tk) and its metamorphic-clast facies (Tkm). In some areas, blocks were emplaced in inverse stratigraphic
order with plutonic-rocks block (probable Proterozoic precursor) over quartzite-limestone block (probable

Paleozoic ilecursor).

Metaplutonic rocks (Proterozoic)—Variety of rock types including fine-

grained aplite, fine- to coarse-grained granite similar to Middle Proterozoic
Signal Granite (Ys), and well-foliated biotite-augen gneiss. Coarse-grained
granite typically contains potassium feldspar phenocrysts as long as 5 cm
and is well foliated to unfoliated. Generally highly brecciated, chloritized,
and hematitic. Clast composition similar to that in plutonic-clast facies of
breccia (Tbxp)

GEOLOGIC QUADRANGLE MAP
CENTENNIAL WASH QUADRANGLE, ARIZONA
GQ-1718

Explanatory pamphlet accompanies map

Metaquartzite and metalimestone, undivided (Paleozoic?)—Unit is litho-

logically similar to metalimestone (mls) and metaquartzite (mq) units.
Typically contains many internal shear planes and faults too numerous to
map individually

Metaquartzite (Paleozoic?)—Highly fractured, sheared, and brecciated, light-

gray, porcellaneous quartzite and uncommon quartzitic conglomerate.
Locally contains beds and pods of limestone lithologically similar to
metalimestone (mls). Breccia fragments commonly cemented by brown
calcite. Manganese stain common. Weathers to small, angular rubble.
Rock types present in this unit are similar to some of those in breccia (Tbx).
In north-central part of quadrangle, includes several, subhorizontal masses
within breccia (Tbx). Resistant; typically forms high, irregular mesas,
buttes, and knobs

Metalimestone (Paleozoic?)—Dark-reddish-brown to grayish-yellow to very

pale orange, commonly fractured, sheared, brecciated, and contorted,
poorly to well-stratified, locally cherty limestone. Isoclinal folding and
transposed bedding common in some places. Locally contains beds and
irregularly shaped masses of quartzite similar to metaquartzite (mgq). Rock
types present in this unit are similar to some of those in breccia (Tbx).
Resistant; typically forms high, irregular mesas, buttes, and knobs

METAMORPHIC AND PLUTONIC ROCKS IN UPPER PLATE OF RAWHIDE
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DETACHMENT FAULT

Metavolcanic and metasedimentary rocks (Mesozoic?)—Includes rocks

identical in lithology to schist (sch), as well as very light gray, well-stratified,
very fine grained quartzite, and quartz sandstone. Less common lithologies
include conglomerate interlayered with micaceous, slightly metamorphosed
fissile siltstone, shale, and limestone; and brownish metasandstone. Con-
glomerate composed of slightly flattened, subangular to subrounded clasts
as large as 20 cm, typically about 5 cm. Locally fractured and brecciated.
Where metavolcanic rocks are dominant lithology, unit has been locally
mapped as schist (sch). Rock types present in this unit are major
constituent of breccia (Tbx)

Schist (Mesozoic?)—Light-bluish-gray to dark-greenish-gray, phyllitic, generally

well-foliated porphyritic metavolcanic rocks (metadacite? and metatuff?)
with 5 to 25 percent phenocrysts of 1- to 3-mm-long feldspar and quartz in
sericitic to chloritic matrix. Locally fractured and brecciated. Crenulation
folds and lineations developed locally. Quartz veinlets parallel to foliation
common. Rock types present in this unit are major constituent of
metavolcanic and metasedimentary rocks (msv), breccia (Tbx), and
metamorphic-clast facies of the arkose of Keenan Camp (Tkm)

Diorite and gabbro (Late Cretaceous)—Includes threelithologies: (1) medium-

gray, medium- to fine-grained (1 mm typical) hornblende diorite containing
phenocrysts of hornblende as long as 5 mm and of plagioclase as long as 3
mm. Salt-and-pepper weathering appearance. Intrudes (2): dark-gray
gabbro composed chiefly of pyroxene crystals as large as 3 cm. Both (1)
and (2) intrude (3): leucocratic diorite composed of sparse pyroxene
crystals as large as several millimeters to about 1 centimeter scattered
within very light gray to white plagioclase. Leucocratic diorite is also
present as inclusions within gabbro. Unit is mostly mylonitic and unfoliated,
and intrudes mylonitic gneiss of Centennial Wash (gnc) and Signal Granite
(Ys). In places, unit has chilled contacts against recrystallized mylonite
(gnc). Locally, unfoliated diorite grades into fissile mylonitized diorite,
shown on map by stipple. Unit is especially common near mylonitic contact
between gneiss of Centennial Wash (gnc) and Signal Granite (Ys), where it
is cut by mylonite zones a few centimeters to a few meters thick that
become more numerous and wider toward contact. Gabbro has 40-Ar/39-
Ar biotite age of about 90 Ma (table 2) and represents late-kinematic to
postkinematic intrusive sequence whose emplacement began with leucocra-
tic diorite, continued with gabbro, ended with medium-grained diorite, and
took place during waning stages of ductile-deformation event of late
Mesozoic age. Locally, unit has chlorite and biotite alteration, as well as
pyrite, hematite, and copper-salt mineralization. These features are
associated with fractures, faults, and carbonate veins. Alteration, miner-
alization and fracturing are considered Miocene

Gneiss of Centennial Wash (Late Cretaceous)—Tan, light-gray, light- to

dark-greenish-gray, foliated, locally lineated, mostly fine-grained, typically
felsitic gneiss. Small folds with amplitude of 1 to 3 cm present locally. Pencil
fracture common in places. Part of unit is sheared, cataclasized, coarse-
grained granite, containing large potassium feldspar porphyroblasts, litho-
logically similar to Signal Granite (Ys). Felsitic parts are mostly recrystallized
mylonite or ultramylonite. Pods, veins, and dikes of mylonitized to
nonmylonitized diorite and gabbro (dg) are common within unit. In north-
eastern part of quadrangle, Signal Granite and gneiss are juxtaposed along
broad shear zone showing progressive downward cataclasis and mylon-
itization of granite into gneiss. Near this zone, gneiss contains lensoid
bodies of foliated Signal Granite. Mylonitization occurred in late Mesozoic
time and affected protolith at least in part of Middle Proterozoic age

Signal Granite (Middle Proterozoic)—Light-gray to brownish-gray, leucocratic

to mesocratic, unfoliated to weakly foliated, typically massive, locally
jointed and spheroidally weathered, medium- to coarse-grained porphyritic
biotite granite or monzogranite. Phenocrysts are subequant, typically 2 to 3
cm long, maximum 5 cm, composed of twinned potassium feldspar, and
subparallel in places. Coarse-grained equigranular phase is present locally.
In places, contains sparse xenoliths of melanocratic diorite and biotite
schist and of leucocratic to mesocratic gneiss. Locally fractured to
shattered and with zones of closely spaced subparallel joints. Locally
intruded by veins of quartz and barite and dikes of aplite, pegmatite,
leucogranite, metarhyolite porphyry, and diabase (not mapped separately).
Leucocratic and mesocratic phases form coherent bodies measuring
hundreds of meters. Cut by numerous shear zones, locally mineralized,
chloritized, or hematitized. Shows evidence of weak recrystallization.
Weathers to grus, which locally appears to grade into basal arkose (Tba). In
northeastern part of quadrangle, granite and gneiss of Centennial Wash
(gnc) are juxtaposed along broad shear zone showing progressive cataclasis
and mylonitization of granite into gneiss. Mylonitic granite shown stippled
on map. Unit age assignment is from Gray and others (1989). Unit name
was proposed by Lucchitta and Suneson (1982)

Gneiss (Early? Proterozoic)—Extremely brecciated to shattered, hematitized,

banded quartz-feldspar gneiss, unfoliated to weakly foliated amphibolite or
diorite, and rare pegmatite dikes. Gneiss weakly mylonitic with rare
potassium-feldspar phenocrysts. Present only in small area in central part
of quadrangle. Generally, lithologically resembles gneiss of Centennial
Wash (gnc), but exact relation unknown. Mylonitization may be as young
as Tertiary

METAMORPHIC ROCKS IN LOWER PLATE OF RAWHIDE
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Mylonitic metasedimentary rocks (Paleozoic?)—Marble, calc-silicate rocks,

and quartzite showing disharmonic folds and well-developed boudinage.
Original sedimentary bedding parallels metamorphic foliation, and shows
pronounced thickening and thinning of individual layers. Penetrative, partly
cataclastic, foliation is subparallel to the metamorphic foliation. Strongly
lineated in plane of foliation. Dominant minerals are calcite, quartz,
epidote, and orthoclase; garnet, diopside, and wollastonite are less
common. Apophyses of granitic rocks locally intrude metasedimentary
rocks. Unit is found as discontinuous, elongate bodies scattered throughout
mylonitic quartz-feldspar gneiss terrane in this quadrangle and to south.
(Description from Shackelford, 1976, 1989). Present only in southeastern
part of quadrangle

Mylonitic quartz-feldspar gneiss (Proterozoic?)—Yellowish-gray to pinkish-

gray, fine- to medium-grained, foliated and lineated gneiss. Locally chloritic,
hematitic, and (or) silicified, with thin, black to greenish-black bands of
ultramylonite. Near Rawhide detachment fault, includes thin bands of
breccia and microbreccia. Attitude of foliation extremely variable; lineations
mostly plunge approximately southwest. Locally highly folded with
boudinage and rod and mullion structures. Protolith of mylonitic quartz-
feldspar gneiss may include rocks as young as Tertiary, and mylonitization
probably is, in part, as young as Miocene. Present only in southern and
southeastern parts of quadrangle

Contact—Arrow indicates direction and amount of dip for intrusive bodies

Fault—Dashed where approximately located, dotted where concealed, queried

where inferred. In cross section, T, relative movement toward observer; A,
away. Arrows indicate direction of relative movement

High angle—Triangular-head arrow indicates direction and amount of dip.

Diamond-head arrow indicates bearing and plunge of slip indicators suchas
slickensides, mullions, grooves. Bar and ball on downthrown side

Gravity-glide—Arrow shows direction and amount of dip. Sawteeth on upper

plate

Rawhide detachment—Arrow shows direction and amount of dip. Open

sawteeth on upper plate

Fracture zone—Planar zone of variable width consisting of closely spaced

shears, crushed or altered rock, or mylonitization. Located in basement
rocks

Folds—Showing crestline, and direction and amount of plunge if known. Dashed

where approximately located, dotted where concealed

Syncline
Anticline
Synform
Antiform
Area of intense brecciation
Vent area
Vein—Typically mineralized and composed of carbonate or quartz

Fold axis—Small scale (several centimeters). Showing direction and amount of

plunge

S-folds
Z-folds
Strike and dip of beds—Dot at end of leader shows location of measurement
Inclined
Horizontal
Vertical
Approximate
Generalized—Where beds crumpled, plicated, or undulating
Apparent dip—Areas of low dip and poor exposure
Foliation
Inclined
Vertical
Lineation—May be combined with other symbols
Location of radiometric-age sample—See pamphlet table 1
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